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detectnn circuit for automaticaOy detecting Input signal 



The receiver has a data 
ac^ustment dicuit whkA automalKally d^ects the data 



rate of an input s^nal and automatically adjusts the fre- 
quency of the VCO in the receiver In accordance with 
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Descr^rtion 

[0001 ] This invention relates generally to bit rate d^ection circuits for optical networks, and in particular, to methods 
and bit rate d^ection drcuOs for automatically detecting data bit rates to enhance end-to«nd transparency and sup- 

5 press peis in opticai networks. 

[0002] In a wawelenglh-division muUpiexing (WDM) and erbium-doped fiber amplifier (EDFA) optnal network system , 
jitters accumulate in tlie system as transmitted data pass through different modules In the system, and such accumu- 
lation of pers affects the end-to-end transparency of the WDM system. As jitters accumulate in a system, the error 
rate in ttte system also increases, and a typical digital system may tolerate only 1 0-^^ error rate. To suppress the jitters 

10 that occur in optical networks, optical networks typically emptoy dock and (tata recovery (CDR) circuits to extract and 
regenerate dock signals and retinne the data by using the extracted dock signal. 

[0003] Rg. 1 illustrates a prior art receiver 1 0 in an optkal network for recei>ring transmitted data signals. The receiver 

10 Indudes a photo diode 11 , a kyw-noise amplifier 12, a limiting amplifier 13 and a COR drcuit 15. The photo diode 

1 1 receives optkal input data signals emanating from an optcal fiber and converts the optcal light energy in the input 
<5 data signals into a tow-level eiectrfcal current whch can be used to produce electrical signals. The tow-noise amplifier 

1 2 receives the tow-level signal cunent from the photo dkxte 1 1 and amplifies the signal so that additional processing 
will not add signSicantly tothe noise in the signal. The tow-noise amplifier 12 converts the low-level signal cun-ent into 
a voltage signal for sulisequent processing. A transbnpedance amplifier 20 shown in Fig. 2a may be used as the low- 
noise amplifier 12. In adcStion, the low-noise amplifier 12 reduces the bandwidth of the signal outputted by the photo 

20 diode 11. Basically, the towHrraisearriplifierl 2 functkms similar to a tow pass filter except that the low-noise amplifier 
1 2 has a much higher cutoff frequency than a typical tow pass fitter, e.g., 2.8 GHz. 

[0004] The limiting amplifier 1 3 receives the output of the low-noise amplifier 12 and serves to buffer the receiver 1 0 
from process vaitetions and changes in signal strengtti. The limiting amplifier 13 also performs noise shaping. The 
Ibniling amplifier 13 contains either a bniter or an automalk>gain-conliDl diciA 
25 CDR 15, rega r dless cf the output power of the to w n o fcc amplifier 12. The iimiling amplSier 13 outputs a constant-level 
outputvoltage, Vconst if the input voltage tovel is aboveacertainthreshoMvahie,Vlh, as shown in Fig. 2b. Thus, even 
If the input signal has tow amplitude and power, the Iniiting amplifier 13 will bring the input signal up to a proper 
amplitude and power level 

[0005] Tfie CDR 15 recofvets the timing informalton from the Input data signal and samples the Input data stream 
30 from the Smiting amplifier 13 at an appropriate timing or mstant Fig. 2c illustrates a block diagram of a typical CDR 30 
which may be used for the CDR 15. The CDR 30 uses a phase-lock loop (PLL) 31 to recover the dock from the Input 
data signal. The CDR 30 inductes an edge d^ector 35, a phase-lock toop (PLL) 31 and a decision drcuit 36 which 
maybeaDflip4top.ThePU.31 indudes a phase detector 32, a loop filter 33 and a votlage controlled osdllator(VCO) 
34. The output of the PLL 31 is inputted into the dedston drcuit 36. In the CDR 30, the edge detector 35 first receives 
35 the InputdatasignaLandthmtheinput-daladerivedsignalfrom the edge detectorSS is Inputted 

. 32whtohtunctk>nsasamixertDhelerodynetheedge-delededinputsignaldowntothebaseband.Thephasedetec^ 
32 receives the Input-data derived sispial from the edge d^ector 35 and a dock signal outputted by the VCO 34 and 
produces a voltage proportmrial to ttie phase difference b^ween the input-data derived signal from the edge detedor 
35~and the dock signal from the VCO 34. The output of the phase detector 32 is inputted into the loop filter 33, and 
40 the loop fBter 33 outputs a control signal vAUch control ttte dock of the VCO 34. The ^ve process is repeated until 
the phase difference is driven to zero (Le., until the hequency or phase difference b^ween the input data s^nal and 
the dock signal of the VCO 34 is near or at zero). 

[0006] In other words, the PU. 31 basically tracks the phase of the edge deeded spinal by using the phase detector 
32 to produce a phase-enor signal, faters the phase-enror signal with the loop filter 33 and adjusts the frequency of 

45 the VCO 34 fay ustog the fatered signal so that the frequency of the VCO 34 is synchronized to the Input data rate (i. 
e., the data rate orfrequency the input signal). The output of the VCO 34, whch is the regenerated dock signal of 
the input data signal, is Inputted into the decision dicuB 36 whteh m^ be a Dflipflop sothatthe input data is sampled 
at a corred rate. In other words, assuming the dedskw drcuit 36 is a DfBpflop. the output of the VCO 34 is inputted 
into the CK (dock) input of the D ffi|>flop so that the input data s^nal received by the D flp-flop is retimed or sampled 

so at a corred frequency. 

[0007] AlthoughthepftoraitreceiverlOfundtonsproperly if the input data rate is fixed at a certain frequency such 
as 1 55 iyR>ps or 1 .25 Gbps, the prior art recehrer 10 win have problems processing ttie input data signal if the frequency 
<rf the input data signal (Le., biput data rate) varies over a wide range because the frequency of ttie VCO 34 needs to 
bes^atarateUatappr oxi matelymatchesthefrequCTcy of the input data signal. Forexampte, if the input data rate 
55 is2.5Gbp8andthefrequency of the VCO B set at ISSMhtz, the receiver 10 wai not be able to process the input data 
signal because the PLL 31 wiD not lock with the input signal since the frequency of the VCO is totally m Ismatched with 
the input signal data rate. A VCO havirq a dock frequency of 155 IMHz will nd be able to produce a dock s^nal having 
a frequenqf of 2S GHz. 
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However, in todays communication systems, signal data rates vary over a wide range from 1 25Mbps to 1 0 Gt)ps. Thus, 
if the prior art receiver 1 0 is used to receh/e input data signals that have widely varying frequency rates, the frequency 
of the VCO 34 needs to be manually changed every time to approximately match the input signal data rate if the 
frequency of the ii^MJt signal changes dramatically, and such resetting of the VCO frequency can be a cumbersome 
process which hinder the smooth operation of the receiver 1 0. 

[0008] Therefore, there is a need for a receiver that automatically detects the frequency of the input data signal, 
adjusts the frequency ol the VCO automatically with respect to the changes in the frequency of the input data signal, 
and retains the transparency of ttie input data while suppressing jitters. 

[0009] It is the ot^ect of the present invention to provide a receiver In an optical network with a bit rate detection 
circuit for automatically d^ecting input s^nal data bit rates to automatically adjust the frequency of a voltage controlled 
oscillator in the receiver, which obviate for practical purposes the above mentioned Imitations. 
[0010] A receiver in accordance with an embodiment of the present invention has a data rate detection and frequency 
adjustment drcuit which automatically detecte the data rate of an input signal and automatically adjusts the frequency 
of a VCO in the receiver in aocoidance with the data rate of the input signal. 

[0011] The receiwerfirst receives an input signal through a photo diode. The photo diode outputs a low level current 
corre^wntHng to the nput signal, and a low noise amplifier converts the low level cun-ent into a voltage signal for 
subsequent processing. A limiting amplifier receives the output of the low-noise amplifier and senses to buffer the 
receiver from process variations and changes in signal strength. The limiting amplifier outputs a constant level voltage 
if the input voltage is above a certain threshold. 

[0012] The data rate detection and frequency adjustment circuit receives the output of the limiting amplifier to deter- 
mine the data rate <rf the input s^nal. A low pass filter first filters out high frequency components from the input signal, 
including white and thermal noises present in high frequencies. An AC power meter converts the output from the low 
pass filter hto a DC voltage value which changes with respect to the data rate of the input signal. A logarithm ic amplifier 
receives the DC voBage value and converts the DC vottags value to another IX; vollage value such that the new 
voltage value is Dhear with respect to the changes in the data rate of the input signal. Thus, signals with different data 
rates produce dHlerent output DC vollages. A contpoller receives the output DC. voltage from the logarithmic amplifier 
and d^ermines the data rate of the input signal based on the value of the DC voltage. Since the value of theOC voltage 
outputted by the logarithmic ampBfier varies with respect to the data rate of the input signal, the controller is able to 
accurately determine the data rate. After d^ennining the data rate, the controller changes the frequency of the VCO 
to match the data rate of the input signal so that a dock and data recovery circuit in the receiver is able to properly 
process the input data signal. 

[0013] Ottwr features and advantages of the invention will become apparent from the following detailed description, 
taken In conjunctton with the accompanying drawings whch illustrate, by way of example, various features of embod- 
iments of the inventna 

[0014] The abowe otaject, features and advantages of the present invention will become more apparent from the 
following d^led descrq>tnn when taken in conjunctkm with the accompanying drawings in whtoh: 

Fig. 1 is a bkxdc degram of a prior art optnal network receiver. 
Rg. 2a is a schematic of a transimpedance amplSier. 
Fig. 2b shows ttie output signal of a limitirtg ampSfier. 

2ici5 a bkxk dteigram of a dock and data recovery circuit. 
Fig. 3 is a block ifiagram of an optxai n^work receiver in accordance with an embodiment of the present invention. 
Fig. 4 shows an NRZ signal produced by a limiting amplifier. 
Fig. 4a ilustrales a power spectral densi^ of an NRZ signal. 

F^ Sa Blustiates a nwrnalized power spectral density of a low pass filter and an output signal of a limiting amplifier 
in accord an ce with an embod i ment erf tt»e present invention. 

Fig. 5b atustrates a power spectral density of an output signal of the low pass filter in accordance with an embod- 
iment of the (wesent inventmn. 

Fig 5c ilustrales a normafized power spectral density of the low pass filter and an output signal of a limiting 
ampStier in accord an ce with an enrAmdknent of the present invention. 

Fig. 5d atustrates a power spectral density of an output signal of the low pass filter in accordance with an embod- 
iment of the present inventwn. 

Fig. 6 Olustrales the output of an AC power meter In accordance with an embodiment of the present invention. 
Fig. 7 is a schemata cfiagiam of a logarShnuc amptTier in accordance with an embodiment of the present invention. 
8 aiustrales the output of the logarithinc amplifier. 



[poiq Fig. 3 iDushates a stnicture of an optical n^work recehrer 100 in accordance with an embodiment of the 
present inventkxi. The receiver 100 indudes a photo dwde 110, a low noise amplifier 120, a limiting amplifier 130, a 
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data rate detection and frequency acQustment ciicutt 200 and a CDR 180. The data rate detection and frequency 
adjustnwnt circuit 200 comprises a low pass filter 140, an AC power meter 150, a logarithmic amplifier 160, and a 
control circuit 170 

px>16] The photo ifiode 110 receives optical input data signals emanating from an optical fitier and converts the 
5 optical light energy in the input data signals into a low-levei electrical cunient which can be used to produce electrical 
signals. The low-noise ampiaier 120 receives the low-level signal cunnent from the photo diode 110 and amplifies the 
signal so that addtional processing will not add s^iBicanUy to the noise in the signal. The low-noise amplifier 120 
converts the low-level signal current into a voltage signal for sut>sequent processing. 

[0017] A transntpedance amplifief 20 shown In Ftg. 2a may be used as the low-noise amplifier 1 20. In addition, the 
10 low-noise amplifier 1 20 reduces the bandwidth of the signal outputted t>y the photo diode 1 1 0. Basically, the low-noise 
amplifier 1 20 functions similarly to a low pass filter except that the low-noise amplifier 1 20 has a much higher cutoff 
frequency than a typical low pass filter, as discussed above. 

[0018] The limiting anplifier 130 receives the oulput of the low-noise amplifier 120 and serves to buffer the receiver 
100 from process variations and changes in signal strength. The limiting amplifier 130 also perfomis noise shaping. 
IS The limiting wnplifier 130 contains either a limiter or an automatic-gain-control circuit to provide a proper signal level 
to the CDR 1 80 and the low pass filter 140, regardtess of the output power of the low-noise amplifier 1 20. The limiting 
amplifier 130 outputs a constant level voltage (VconsQ if the input voltage level is above a certain threshold value (Vth), 
as shown in Rg. 2b. 

[0019] In most of intensdy modulation-direct detection (IM43D) optical network systems, Non-Retum to Zero (NRZ) 
20 format is used for the baseband signals. Fig. 4 shows an NRZ signal which may be produced by the limiting amplifier 
130. The NRZ signal shown in Fig. 4 has an amplitude of W, a period of T, and a data rate of 'r* = 1/T. All signals 
outputted by the limiting ampfifier 130 has an ampBtude of 'A' because the limiting amplifier 130 outputs a constant 
level voltage if the input voltage level is above a certain threshold value. Fig. 4a shows a power spectral density of an 
NRZ signal, which measures the power of the signal wah respect to frequency. The power spet^ density function for 
25 theNRZsignali5giveribythetbllowingequaliorcS(Q=A^sin(^=(A^sinc2(l!Ar) 

the highest power level is A?T, so if the frequenqr of an NRZ signal Increases, the peak power level decreases pro- 
portnnally since r = l/T. As shown in Fig. 4a, vast m^rity (approximately 99%) of the s^nal power is limited to fre- 
quencies under l/T Thus, all signal components teving frequencies higher than 1AT does not contnbute slgnlftoantly 
to the power of an NRZ signal. 

30 [0020] The output of the Bmitinganiplifier 130 is inputted into the low pass filter 140. The tow pass filter 140 has a 
system function ti h(t) whfch after fouriertianslbrm is equal to H(f) (i.e., F(h(t)) = H(f)). 

x(t) = the output of the limitmg amplifier 13a. 
F^t) = the auto correlation functnn of x(t); 
35 F((^t)) = S(I)= the power spectral density function of x(t) = AH" sim^fT); 

b(t) = the power spednrf density function of the output of the low pass filter 1 40 = s(t) * h(t); * = convolutton; 
F(b(4) = B0) = S(Q X IH9)|2. Thus, the power spectral density function of the output signal of the low pass fitter 
140isequaltoS^xlHtf)|2. 

40 P021] Rg. 5a shows a normalized power spectral derisOy SI (f) of an output signal x1(t) of the limiting arrtplifier 130 
and the system functk>nH(f) of the hMT pass titer 140. A curve 200 represents the power spectral density S1(f)anda 
curve 210 represents H(Q whkdi has a cutoff frequenqr of "fcutofT. The output signal x1 (t) has a data rate of Y 1 ' (i.e., 
r = f1 ). The peak value of SI (f) is and A^ > 1 . When SI (0 passes through the low pass filter 1 40 with the system 
function of H(0. the low pass filter 1 40 outputs B1 (Q whkA is equal to SI (0 x H(0 (i.e ., B1 (0 is a power spectral den^ 

« function (rf the oulput signal of the tow pass filter 14iq.F^Sb shows the power spectral derisityB1(r)repres 

a curve 220. As shown by the curoe 220, ttie tow passfilter 140 filters out all frequency components above fcutoff from 
S1(0. 

[0022] Rg. 5c shows a normalized power spectral density S2(f) of an output signal x2(t) of the limiting amplifier 1 30 
and the system function HtQ of the tow pass fitter 140. x2(t) has a data rate of (r = f2 and f2 » f 1 ) and Is represented 
so by a curve 235. The peak value of S2tl) is and A^<1. When S2(0 passes through the low pass filter 140 with 
the system function til HO, the tow pass fflter 140 outputs B2(Q whk:h is equal to S2(f) x H(0. Rg. 5d shows the power 
spectral dens9y B2^ represented by a cunre 24a As shown by the curve 240, the low pass filter 140 f ilteis out all 
frequency components above fcutoir from S2(9. 

[0023] The AC power 150 receives the oulput signal of the tow pass fitter 140, and outputs a DC vottage that 
55 represeiilstheti)<dpowerpreseritinlheoutputsigitaloftheh>wpassfitter140.TheACpowerrneter150firstperfo^ 
the foUowing function: 
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TOTAL_POWER(r) = the total power present in the output signal of the low pass 
filter 140 = ^BifW = ^S(JW = r^^-sin '^^^W = ^t^^ c'(^)# ; 
r = the input data rate. 

10 [0024] TOTAL_POWER equals the area under the curve of B(f) which represents the total power of the output signal 
of the low pass filter 140. As shewn l>y the equation above, TOTAL_POWER(r) decreases as the input data rate V 
increases. 

[0025] After calculating TOTAU_POWER, the AC power meter 1 50 then calculates a Vmis value which represents 
TOTAL_POWER and otdpuls a DC vollage value which represents the Vrms value. In certain emtxxliments of the 
IS present invention, the Vkms value and the output DC voltage are calculated by using the following equation: 




Mms = JTOTAI^POWER 



and the output DC voftage represenling the Vkms value = Vnns. 

p)026] ACOUT(r) = the DC voBage value which represents the Vmns value = the output of the AC power meter 
ISO; r = the input data rate. 

[0027] The value of ACOUT(r) depends on the data rate of the input signal as shown by Table 1 below. For example, 
30 as shown by Figs 5b and Sd, the area under the curve B1 (0. represented by a shaded region 225, is greater than the 
area under the curve 82(1), represented by a shaded region 245, since A^/fl > A%. Thus, the TOTAk.POWER for 
the input data rate <rf f1 is greater than the TOTAL.POWER for the input data rate of f2. As a result, ACOUT(f1) is 
greater than AC0in'(l2). In other words, the value of ACOUT(r) changes in accordance with the data rate of the input 
signal received by the receiver 100. Table 1 lists some ocemplary values for ACOUT based on the input data rate. 



TABLE 1 



Input Data Rate 


ACOUT(r) 


125 Mbps 


161 2mV 


155 Mbps 


1346mV 


200 Mbps 


llOOmV 


G22Mbps 


459mV 


1200 Mbps 


276mV 


2500 Mbps 


176mV 



pX)28] As showi by Table 1, the value of ACOUT decreases as the input data rate increases because 
TOTAL_POWER also decreases as the input data rate increases. Ther^ore, the data rate detection and frequency 
so adjustment circu3 200 is able to detect ttie data rate of the input signal t>ecause ACOUT changes with respect to the 
data rate. 

[0029] The values for ACOHJT{f) are not linear with respect to the data rates of the input signsds, as shown In Fig. 6. 
A curve 250 represents the output of the AC power m^, ACOUT(r), with respect to the input data rates. The log 
ampSfier 1 GO receives the output of the AC power 1 60, ACOUT, and linearizes ACOUT with respect to the input 
55 data rales. Pg. 7shows1he logarihniicamplifier 160. The logarithmic amplifier 1 60 recewes ACOUT through a resistor 
R1 and is connected to a reference voll^. Vr^, through a r^istor BZ. The output of the logarithmic amplifier, VLout> 
is computed as follows: 
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Vl^jur(r) = K Log (11/12) where II = ACOUT(0/R1 , E = Vf^p/m and K = 



[0030] By adjusting ttie values for Vrq:. R1 and R2, the output of the logarithmic amplifier 160, VLom-, can be 
adjusted. In preened embodiments dt the present invention, the values for Vrq:, R1 and R2 are adjusted such that 
VLour is linearwilhrespectto the data rates of the input signals. Fig.SshowsVLotn-*'*^' respect to the Input data rate. 
[0031 ] Ttie control circuit 1 70 recaves the output of the log amplifier 1 60. In preferred emtxMliments of the present 
10 Invention, the control circuit 170 may be a microprocessor, a CPU or a controller. The control circuit 1 70 contains a 
pred^emiined data table which Dsls various values for VLour ^nd the corresponding input data rates. Table 2 lists 
some exempiaiy values for VLqut and the conresponding input data rates. 



TABLE 2 



Input Data Rate 




12SMbps 


2140mV 


155 Mbps 


1721mV 


200 Mbps 


1411mV 


622 Mbps 


1021mV 


1200 Mbps 


592mV 


2500 Mbps 


152mV 



[0032| The control ciictiit 170 receives the output of the log amplifier 1 60 and d^ermines the data rate of the input 
signal by r^iencing the pred^ermtned data table since different data rates produce different values for VLour- 
example, as shown in Table 2, if the output erf the log amplifier 160 is 2.0V, then the data rate of the input signal is 
detemuned to be 155 Mbps. If the value for VLom- is itot listed in the predetemtined table, the con-esponding input 

30 data rate is f^\\p(t^ by interpolating the data in the predetennined table. After determining the input data rate, the 
controller ITOadjuststhefrequencyof the VCO intheCDR 180 to match the input signal data rate by sending a control 
signal to the VCO to ad|ust its frequency accord ing ly. The COR 180 functions similarly to CDR 30 explained above. 
Thus, the receiver 100 automatically detenrnines the input signal data rate and automatically adjusts the frequency of 
the VCO in CDR 1 80 to rnafch the input signal data rate so that the PLL in CD R 1 80 will form a lock wit^ 

3s [0033] Another advaiilage of the presemiimenliDn is that the data rate d^ection and frequency adjustment circuit 
200 in accordance witti prefeued embodiments of Die present invention only needs to process low frequency signals 
because the lew pass filter 140 fitters out high fireqiiency signals. Ther^bre, the embodirnents of the presem inv^^ 
saves design and fabrication ODSis forthe data tale detection and frequency adjustniem drcuit 200 because additional 
ctrcuitiy that deals with high frequency signals does not need to be biduded in the data rate detection and frequency 

40 adjustment circuit 200. 

PN>34] In addition, ttie data rate ddection and frequency adjustment circuit 200 reduces the noise present in all 
frequencies of the input signals, indutfing white and thermal noises, because the low pass filter 140 filters out all 
frequencies above fcutoff , nducfing the noise present in the frequencies above fcutoff. Thus, the data rate d^ection 
and frequency acQustment circuit 200 of the present inventfon accurately detenmines the Input signal data rate'since 
45 thelowpassfiller140renioMesallnoisespieseminthefrequenciesaboveft»noff.ThedatBratedetectionandfreque^ 
acQustment dicuit 200 only needs to deal with the noise present in the frequencies below fcutoff, thereby increasing 
the accuracy of the data rate detection. 



1. A receiver for processing input data signals in an optical networic system, said receiver coniprising: 

aphoto (fiode for receiving the input data signals emanatingfram an optical fiber, each of the Input data signals 
having a data rate; 

an anf>nier for ampBlying the input data signals to a proper VDHage level; 

a ciodc and data recovery dtcut (CDR) for regenerating the input data signals by extracting dlock inf omnation 
from the input data sig n als; and 
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a data rate d^ection dicuit for deteimining the data rate of each of the input data signals by deteimlning a 
power present in each of the input data signals. 

2. The receiver of daim 1 , wherein the data rate d^ection circuit adjusts an output frequency of a phase locK loop 
in the CDR so that the output frequency approximately matches the detennined data rate of each of the input data 
signals. 

3. The receiver (rf daim 1, wherein the data rate detection drcult comprises: 

a low pass fitter for filtering out high frequency components from each of the input data signals and outputting 
a low frequency components in each of the input data signals. 

4. The receiver of daim 3, wherein the data rate detection drcuit further conprises: 

an AC power m^for determining the power present in each of the input data signals by calculating the total 
power present in the low frequency components in each of the input data signals, 

wherein the AC power meter outputs a voltage signal which is a function of the total power present in the 
low frequency components. 

5. The receiver of dakn 4, wherein the data rate detedion drcuit further comprises: 

a control dicuit for determining the data rate of each of the input data signals based on the voltage signal 
oulputted bytheACpowermtier and for outputting acontrol signal to adju^a frequency of a voltage controlled 
osdBalDr h the CDR to approxinfiately match the determined data nate. 

6. The receiver of dah) 5, wherein the data rate detection drcuit further comprises: 

a logarfthmic amplSier for linearizing the voltage signals outputted by the AC power meter with respect to the 
data rates of the input data signals. 

7. The receiver of dain 4. wherein the amount of the total power present in the low frequency components is de- 
pendent on the data rate of each (rfthe input data signals, and the total power is calculated t>y the following equation: 



the total power = ^ BU)t^ virtwre f cutoff = a cutoff frequerwy of the low 
pass filter and B(f) = a powver spectral density function of tfie low frequency components 
of the input signals. 

& The receiver of daim 7, wherein the AC power meter calculates the output voltage signal by calculating a Vmns 
value represeidhg the total power. 

9. The receiver of dain 4, wherein the voltage s^nai outputted by the AC power meter is inversely proportional to 
the data rate of each of the input data signals. 

10. The receiver of Oaam 5, wherein tfie control drcuit d^nnines the data rate by comparing the output voltage signal 
to predtfenrined volt^ signals con-esponding to predetermined data rates. 

11. A receiver for processing signals in an optical network, said receiver comprising: 

a photo ifiode for receiving Input data signals emanating from an optical fiber, each of the input data signals 
having a data rate; 

an amplBierfor ampfi^fing the mput data signals to a proper voltage level; 

a dodr and data reoovny drcuit (CDR) for extracting clock signals from the input data signals and retiming 
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the input data signals based on the extracted clock signals, said CDR including a phase lock loop (PLL) with 
a voltage controlled oscillator (VCO) for regenerating the extracted dock signals; and 
a data rate detection circuit for d^ennining the data rate of each of the input data signals and adjusting a 
frequency the VCO to approximately match the data rate of each of the input data signals. 

12. The receiver of dam 11 . wherein ttie data rate detection drcuit comprises: 

a low pass filter for receiving the input data signals from the amplifier and filtering out high frequency compo- 
nents from each of the input data signals, said km pass filter outputting low frequency components of each 
of the input data signals; and 

an AC power meter for cakajlating tolBl power present in the low frequency components of each of the input 
data signals and outputting a voltBge signal representing the total power. 

13. The receiver of daim 12, wherein the data rate detection drcuit further comprises: 

a controller for determining the data rate of each of the input data signals based on the voltage signal outputted 
by the AC power m^ and for sending a control signal to change the frequency of the VCO In accordance 
with the d^ennnined data rate, 

wherein the voltage s^nal is a fundnn of the data rate of each of the input data signals. 

14. The receiver of daim 13, where the data rate detection drcuit further comprises: 

a logarilhinic ampURer for linearizing the voltage signals outputted by the AC power meter with respect to the 
data rates of the input data signals and outputting the linearized voltage signals. 

15. The receiver of dam 12, wherein the total power is cak^ulated by the following equation: 



the total power = B(J)e^ wherefcutoff= a cutoff frequency of the low 
pass filter and B(0 = a power density function of the low frequency components of the 
input sigrads. 



16. The receiver of daim 12, wherein the AC power meter cak»jlates the output voltage signal by cakulating a Vnnns 
value representing the total power. 

17. The receiver ol daim 12, wherein the voltage signal outputted by the AC power meter is inversely proportional to 
the data rate of each of the biput data signals. 

1& The receiver of dain 14, wherein the controller detenmlnes the data rate by comparing the output voltage signal 
to pred^emwied voUage sqnals correspomfing to predetermined data rates. 

19. The receiver of daim 13, wherein the controller is a microprocessor. 

20. The receiver til daim 11 . wherein the PLL includes a phase detedor and a loop filter. 

21. A mdhod of detefirining a data rate of an input data signal in an optk»'l nehworit system, sakJ method comprising 
Ihestepsof: 

filtering out high fretyjenqf components from the input data signal and outputting low frequency components 
of the D9ut data signal: 

calculatfaig a power present in the low frequency components of the input data signal; and 

outputting a voUage signal winch is a function of the power present in the low frequency components of the 
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input data signal. 

22. The method of daim 21 , wherein the amount of the power present in the low frequency components is dependent 
on the data rate of the input data signal. 

23. The method of daim 21, further comprising the step of: 

determining the data rate of the input data signal based on the outputted voltage signal, 
wherein the outputted voltage signal is a function of the data rate of the input data signal. 

24. The method of daon 23, further comprising the step oT. 

linearizing the outputted vdlage signal with respect to the data rate of the input data signal. 

25. The m^hod of daim 24, wherein tt» data rate of the input data signal is determined by comparing the linearized 
output voltage signal to predetennined voltage signals corresponding to predetennined data rates. 

26. The m^hod of daim 25, further comprising the step of: 

outputting a oontrol signal to adjust a frequency of a voltage controlled osdilator based on the determined 

27. A data rate detection drcuft for determining a data rate of an input data signal, said data rate detedion drcuit 
comprishg: 

a low pass fBter for filtering out high frequency components from the input data signal and outputting a low 
frequency components in the input data signal; and 

an AC power metef fof ddermining a power present the low frequency components of the input data signal 
and for outputting a voltage signal which is a function of the power present in the low frequency components 
of the input data signal, 

wherein the amount of the power present in the low frequency components is dependent on the data rate of 
the input data signaL 

2S. The data rate detection drcuit of daim 27, further comprising: 

a control dicuit tor detemiihing the data rate of ttie input data signal based on the voltage signal outputted by 
ttie AC power meter. 

29. The data rate detection drcuit at daim 28, further comprising: 

a logarittimic amplifier for Hnearizing the voltage signal outputted t^y the AC power meter with respect to the 
data rate of the input data signal. 

30. The data rate detection circuit of davn 29, wherein the control drcuit determines the data rate by comparing the 
output voltage signal to pred^errmned voltage s^als corresponding to predetennined data rates. 

31 . The data rate detedion dicuit of daim 27, wherein the voltage signal outputted by the AC power meter is inversely 
propoitionat to the data rate of the input data signal. 



EP1 187 373 A2 



11 

1 


12 

/ 


13 

/ 


15 

/ 


PHOTO 
DIODE 




LOW NOISE 
AMPURER 




UNITING 
AMPUFIER 




CDR 



(PRIOR ART) 

FIG. 1 



10 



EP1 187373A2 




EP1187373 A2 



^5 



to 



12 



EP1 187 373 A2 



CO 

d 



LOW PASS 
FILTER 




AC POWER 
METER 


/ 

o 
•^1- 


/ 




13 



EP1 187373 A2 



A 



-A 















4T 













FIG. 4 




lA 2A 3A 



FIG. 4A 



14 



EP1 187 373 A2 




EP1 187373 A2 



Xx210 


235 




fwlaff 












- 'r^^ 240 












FIG. 


5D 





EP1 187373 A2 




ACOUT- 



160 

I 

LOGARITHMIC 
AMPURER 



Vref 



R2 



►VLouT 



FIG. 7 



EP1187373 A2 




FIG. 8 



